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1/9, K/l (Item 1 from file: 5) 

DIALOG (R) File 5:Biosis Previews (R) 

(c) 2007 The Thomson Corporation. All rts. reserv. 

19241949 BIOSISNO.: 200600587344 
Aspen SP1 , an exceptional thermal, protease and detergent-resistant 
self-assembled nano-particle 

AUTHOR: Wang Wang-Xia; Dgany Or; Wolf Sharon Grayer; Levy I lan; Algom 

Rachel; Pouny Yehonathan; Wolf Amnon; Marton Ira; Altman Arie; Shoseyov 
Oded (Reprint) 

AUTHOR ADDRESS: Hebrew Univ Jerusalem, Fac Agr Food and Environm Qual Sci, 
Robert H Smith Inst Plant Sci and Genet Agriculture, POB 12, IL-76100 
Rehovot, Israel**Israel 

AUTHOR E-MAIL ADDRESS: shoseyov@agri.huji.ac.il 

JOURNAL: Biotechnology and Bioengineering 95 (1): pl61-168 SEP 5 2006 2006 
ISSN: 0006-3592 
DOCUMENT TYPE: Article 
RECORD TYPE: Abstract 
LANGUAGE: English 

ABSTRACT: Stable protein 1 ( SP1 ) is a homo-oligomer ic protein isolated 
from aspen (Populus tremula aspen ) plants which forms a ring-shape 
dodecameric particle with a central cavity. The oligomeric form of SPl 
is an exceptionally stable structure that is resistant to proteases 
(e.g., trypsin, V8, and proteinase K) , high temperatures, organic 
solvents, and high levels of ionic detergent. Analytical 
ultra-centrif ugation, chemical cross-linking, matrix-assisted 
laser-desorption time-of-f light mass spectrometry (MALDI-TOF-MS ) , and 
transmission electron microscopy were used to further characterize the 
SPl dodecamer. Introduction of a single cysteine at the N-terminus of 
SPl enabled the formation of disulfide bridges within the SPl 
dodecamer, concurrent with increased melting point. A six-histidine tag 
was introduced at the N-terminus of SPl to generate 6HSP1, and the 
Delta NSP1 mutant was generated by a deletion of amino acids 2-6 at the 
N-terminus. Both 6HSP1 and ANSP1 maintained their ability to assemble a 
stable dodecamer. Remarkably, these SPl homo-dodecamer s were able to 
re-assemble into stable hetero-dodecamer s following co-electro-elution 
from SDS-PAGE. The exceptional stability of the SPl -nano ring and its 
ability to self-assemble hetero-complexes paves the way to further 
research in utilizing this unique protein in nano-biotechnology . (c) 2006 
Wiley Periodicals, Inc. 

REGISTRY NUMBERS: 9002-07-7: trypsin; 3374-22-9: cysteine; 4998-57-6: 

histidine; 39450-01-6: proteinase K; 16734-12-6: disulfide; 9001-92-7: 
protease 

ENZYME COMMISSION NUMBER: EC 3.4.21.4: trypsin; EC 3.4.21.64: proteinase K 
DESCRIPTORS: 

MAJOR CONCEPTS: Enzymology — Biochemistry and Molecular Biophysics; 
Biomaterials 

BIOSYSTEMATIC NAMES: Salicaceae — Dicotyledones, Angiospermae, 

Spermatophyta, Plantae 
ORGANISMS: Populus tremula { aspen } (Salicaceae) 

COMMON TAXONOMIC TERMS: Angiosperms; Dicots; Plants; Spermatophytes ; 



Vascular Plants 

CHEMICALS & BIOCHEMICALS : trypsin; cysteine; histidine; proteinase K; 

disulfide; protease; V8 ; stable protein 1 { SPl } 
METHODS & EQUIPMENT: self-assembled nano-particle — drug delivery device 
MISCELLANEOUS TERMS: temperature range; self-assembly; ionic detergent 
CONCEPT CODES: 

10064 Biochemistry studies - Proteins, peptides and amino acids 
10511 Biophysics - Bioengineering 

10802 Enzymes - General and comparative studies: coenzymes 
51518 Plant physiology - Enzymes 
BIOSYSTEMATIC CODES: 
26695 Salicaceae 

Aspen SPl , an exceptional thermal, protease and detergent-resistant 
self-assembled nano-particle 

ABSTRACT: Stable protein 1 ( SPl ) is a homo-oligomer ic protein isolated 
from aspen (Populus tremula aspen ) plants which forms a ring-shape 
dodecameric particle with a central cavity. The oligomeric form of SPl 
is an exceptionally stable structure that is resistant to proteases 
(e.g., trypsin, V8, and... 

...mass spectrometry (MALDI-TOF-MS ) , and transmission electron microscopy 
were used to further characterize the SPl dodecamer . Introduction of a 
single cysteine at the N-terminus of SPl enabled the formation of 
disulfide bridges within the SPl dodecamer, concurrent with increased 
melting point. A six-histidine tag was introduced at the N-terminus of 
SPl to generate 6HSP1, and the Delta NSP1 mutant was generated by a 
deletion of amino... 

...terminus. Both 6HSP1 and ANSP1 maintained their ability to assemble a 
stable dodecamer. Remarkably, these SPl homo-dodecamers were able to 
re-assemble into stable hetero-dodecamers following co-electro-elution 
from SDS-PAGE. The exceptional stability of the SPl -nano ring and its 
ability to self-assemble hetero-complexes paves the way to further... 

DESCRIPTORS: 

ORGANISMS: Populus tremula { aspen } (Salicaceae) 
CHEMICALS & BIOCHEMICALS: ...stable protein 1 { SPl } 



1/9, K/2 (Item 2 from file: 5) 

DIALOG (R) File 5:Biosis Previews (R) 

(c) 2007 The Thomson Corporation. All rts. reserv. 

18206926 BIOSISNO.: 200500113104 

The structural basis of the thermostability of SPl , a novel plant 
(Populus tremula) boiling stable protein 

AUTHOR: Dgany Or; Gonzalez Ana; Sofer Oshrat; Wang Xia; Zolotnitsky Gennady 
; Wolf Amnon; Shoham Yuval; Altman Arie; Wolf Sharon G; Shoseyov Oded; 
Almog Orna (Reprint) 

AUTHOR ADDRESS: Fac Hlth SciDept Clin Biochem, Ben Gurion Univ Negev, 
IL-84105, Beer Sheva, Israel**Israel 

AUTHOR E-MAIL ADDRESS: almogo@bgu.ac.il 

JOURNAL: Journal of Biological Chemistry 279 (49): p51516-51523 December 
3, 2004 2004 
MEDIUM: print 
ISSN: 0021-9258 
DOCUMENT TYPE: Article 



RECORD TYPE: Abstract 
LANGUAGE: English 

ABSTRACT: We previously reported on a new boiling stable protein isolated 
from aspen plants ( Populus tremula) , which we named SPl . SPl is a 
stress-related protein with no significant sequence homology to other 
stress-related proteins. It is a 108-amino-acid hydrophilic polypeptide 
with a molecular mass of 12.4 kDa (Wang, W. X., Pelah, D., Alergand, T., 
Shoseyov, 0., and Altman, A. ( 2002) Plant Physiol. 130, 865 - 875) and 
is found in an oligomeric form. Preliminary electron microscopy studies 
and matrix-assisted laser desorption ionization time-of-f light mass 
spectrometry experiments showed that SPl is a dodecamer composed of two 
stacking hexamers. We performed a SDS-PAGE analysis, a differential 
scanning calorimetric study, and crystal structure determination to 
further characterize SPl . SDS-PAGE indicated a spontaneous assembly of 
SPl to one stable oligomeric form, a dodecamer. Differential scanning 
calorimetric showed that SPl has high thermostability i.e. Tm of 107 
degreeC (at pH 7.8). The crystal structure of SPl was initially 
determined to 2.4 ANG resolution by multi-wavelength anomalous dispersion 
method from a crystal belonging to the space group 1422. The phases were 
extended to 1.8 ANG resolution using data from a different crystal form 
(P21). The final refined molecule includes 106 of the 108 residues and 
132 water molecules ( on average for each chain). The R-free is 20.1%. 
The crystal structure indicated that the SPl molecule has a 
f erredoxin-like fold. Strong interactions between each two molecules 
create a stable dimer. Six dimers associate to form a ring-like-shaped 
dodecamer strongly resembling the particle visualized in the electron 
microscopy studies. No structural similarity was found between the 
crystal structure of SPl and the crystal structure of other 
stress-related proteins such as small heat shock proteins, whose 
structure has been already determined. This structural study further 
supports our previous report that SPl may represent a new family of 
stress-related proteins with high thermostability and oligomerization . 

DESCRIPTORS: 

MAJOR CONCEPTS: Biochemistry and Molecular Biophysics; Forestry; Methods 
and Techniques 

BIOSYSTEMATIC NAMES: Salicaceae — Dicotyledones , Angiospermae, 

Spermatophyta, Plantae 
ORGANISMS: Populus tremula { aspen } (Salicaceae) — ornamental crop 
COMMON TAXONOMIC TERMS: Angiosperms ; Dicots; Plants; Spermatophytes ; 

Vascular Plants 

CHEMICALS & BIOCHEMICALS : SPl ; dimer; ferredoxin; small heat shock 
protein 

METHODS & EQUIPMENT: differential scanning calorimetry — laboratory 
techniques; electron microscopy — imaging and microscopy techniques, 
laboratory techniques; matrix-assisted laser desorption/ionization 
time-of-f light mass spectrometry — laboratory techniques, spectrum 
analysis techniques; sodium dodecyl sulf ate-polyacrylamide gel 
electrophoresis {SDS-PAGE} — electrophoretic techniques, laboratory 
techniques 

MISCELLANEOUS TERMS: oligomerization; thermostability 
CONCEPT CODES: 

10060 Biochemistry studies - General 
51522 Plant physiology - Chemical constituents 
53010 Horticulture - Flowers and ornamentals 
53500 Forestry and forest products 



BIOSYSTEMATIC CODES: 
26695 Salicaceae 

The structural basis of the thermostability of SP1 , a novel plant 
(Populus tremula) boiling stable protein 

ABSTRACT: We previously reported on a new boiling stable protein isolated 
from aspen plants ( Populus tremula) , which we named SPl . SPl is a 
stress-related protein with no significant sequence homology to other 
stress-related proteins... 

...studies and matrix-assisted laser desorption ionization time-of-f light 
mass spectrometry experiments showed that SPl is a dodecamer composed 
of two stacking hexamers. We performed a SDS-PAGE analysis, a 
differential scanning calorimetric study, and crystal structure 
determination to further characterize SPl . SDS-PAGE indicated a 
spontaneous assembly of SPl to one stable oligomeric form, a dodecamer. 
Differential scanning calorimetric showed that SPl has high 
thermostability i.e. Tm of 107 degreeC (at pH 7.8). The crystal structure 
of SPl was initially determined to 2.4 ANG resolution by 
multi-wavelength anomalous dispersion method from. . . 

...for each chain). The R-free is 20.1%. The crystal structure indicated 
that the SPl molecule has a f erredoxin-like fold. Strong interactions 
between each two molecules create a stable... 

...in the electron microscopy studies. No structural similarity was found 
between the crystal structure of SPl and the crystal structure of other 
stress-related proteins such as small heat shock proteins, whose 
structure has been already determined. This structural study further 
supports our previous report that SPl may represent a new family of 
stress-related proteins with high thermostability and oligomerization . 

DESCRIPTORS: 

ORGANISMS: Populus tremula { aspen } (Salicaceae... 
CHEMICALS & BIOCHEMICALS: SPl ; 



1/9, K/3 (Item 3 from file: 5) 

DIALOG (R) File 5:Biosis Previews (R) 

(c) 2007 The Thomson Corporation. All rts. reserv. 

17823981 BIOSISNO.: 200400214738 

Structural features in the model of a thermostable and stress-resistant 

protein, SPl from aspen . 
AUTHOR: Rathore Ravindranath S (Reprint); Narasimhamurthy T 
AUTHOR ADDRESS: Department of Physics, Indian Institute of Science, 

Bangalore, 560 012, India**India 
AUTHOR E-MAIL ADDRESS: newdrugdesign@yahoo.com 

JOURNAL: Journal of Biomolecular Structure and Dynamics 21 (5): p651-655 
April 2004 2004 
MEDIUM: print 

ISSN: 0739-1102 _(ISSN print) 

DOCUMENT TYPE: Article 
RECORD TYPE: Abstract 
LANGUAGE: English 



ABSTRACT: A three dimensional theoretical model of SPl (stable protein 
1), which is resistant to high temperature and biotic-stresses , is 
presented here. The model was generated by the application of homology 
modeling technique. The conformational rigidity imparted to the fold by 
the presence of hydrogen-bonded, C5, C7, CIO and C13 structures in the 
loop regions, multiple aromatic - aromatic interactions at the protein 
interior and on the surface, in addition to salt-links and hydrogen-bonds 
are primarily the major factors, responsible for the increased stability 
of protein. The putative protein family is characterized by motifs, 
E-x(0, 1) -L-x- (AEGQS) and V-x ( 2 , 3 ) -L-x- (ADEGST ) and the active site in the 
tertiary structure is formed by conserved aromatic and isoleucine 
clusters . 

DESCRIPTORS: 

MAJOR CONCEPTS: Biochemistry and Molecular Biophysics; Models and 

Simulations — Computational Biology 
BIOSYSTEMATIC NAMES: Salicaceae — Dicotyledones , Angiospermae, 

Spermatophyta, Plantae 
ORGANISMS: Populus tremula { aspen } (Salicaceae) 

COMMON TAXONOMIC TERMS: Angiosperms ; Dicots; Plants; Spermatophytes ; 
Vascular Plants 

CHEMICALS & BIOCHEMICALS: stable protein 1 { SPl } —stress-resistance, 
thermostability 

METHODS & EQUIPMENT: homology modeling — mathematical and computer 
techniques 

MISCELLANEOUS TERMS: three dimensional theoretical model — structural 
features 
CONCEPT CODES: 

04500 Mathematical biology and statistical methods 

10060 Biochemistry studies - General 

10515 Biophysics - Biocybernetics 

51522 Plant physiology - Chemical constituents 
BIOSYSTEMATIC CODES: 

26695 Salicaceae 

Structural features in the model of a thermostable and stress-resistant 
protein, SPl from aspen . 

ABSTRACT: A three dimensional theoretical model of SPl (stable protein 
1), which is resistant to high temperature and biotic-stresses, is 
presented here... 

DESCRIPTORS: 

ORGANISMS: Populus tremula { aspen } (Salicaceae) 
CHEMICALS & BIOCHEMICALS: stable protein 1 { SPl } — 



1/9, K/4 (Item 4 from file: 5) 

DIALOG (R) File 5:Biosis Previews(R) 

(c) 2007 The Thomson Corporation. All rts. reserv. 

17403150 BIOSISNO.: 200300361869 

A novel chaperone to stabilize Horseradish Peroxidase (HRP) based 

conjugates in ELISA products: An alternate plant protein to Bovine Serum 
Albumin (BSA) . 

AUTHOR: Mehra M (Reprint); DeAnda A (Reprint); Draviam E (Reprint); Ponni Y 

; Wolf A; Wang W; Shosegov 0; Altman A 
AUTHOR ADDRESS: Biotecx, Houston, TX, USA**USA 



JOURNAL : Clinical Chemistry 49 (S6): pA117 June 2003 2003 
MEDIUM: print 

CONFERENCE/MEETING: 55th Annual Meeting of the AACC (American Association 
for Clinical Chemistry) Philadelphia, PA, USA July 20-24, 2003; 20030720 
SPONSOR: American Association for Clinical Chemistry 
ISSN: 0009-9147 

DOCUMENT TYPE: Meeting; Meeting Abstract 
RECORD TYPE: Citation 
LANGUAGE: English 

REGISTRY NUMBERS: 67-64-1: acetone; 50-01-1: guanidine hydrochloride; 

9003-99-0: horseradish peroxidase; 39450-01-6: proteinase K; 9002-07-7: 
trypsin 

ENZYME COMMISSION NUMBER: EC 1.11.1.7: horseradish peroxidase; EC 3.4.21.64 

: proteinase K; EC 3.4.21.4: trypsin 
DESCRIPTORS: 

MAJOR CONCEPTS: Biochemistry and Molecular Biophysics 
BIOSYSTEMATIC NAMES: Enterobacter iaceae — Facultatively Anaerobic 

Gram-Negative Rods, Eubacteria, Bacteria, Microorganisms; Salicaceae — 

Dicotyledones, Angiospermae, Spermatophyta, Plantae 
ORGANISMS: Escherichia coli (Enterobacteriaceae) — expression system; 

Populus tremula { aspen tree} (Salicaceae) 
COMMON TAXONOMIC TERMS: Bacteria; Eubacteria; Microorganisms; Angiosperms 

; Dicots; Plants; Spermatophytes ; Vascular Plants 
CHEMICALS & BIOCHEMICALS: SDS; SP1 — chaperone-like protein; acetone; 

bovine serum albumin {BSA}; guanidine hydrochloride; horseradish 

peroxidase — conjugates; phosphate-buffered saline; protein; proteinase 

K; trypsin 

METHODS & EQUIPMENT: Biotecx OptiCoat enzyme immunoassay kit {Biotecx 
OptiCoat EIA kit} — laboratory kit; ELISA — immunologic techniques, 
laboratory techniques; Toxoplasma IgG ELISA kit {Toxoplasma 
immunoglobulin G ELISA kit} — laboratory kit; enzyme immunoassay {EIA} — 
immunologic techniques, laboratory techniques 
CONCEPT CODES: 

00520 General biology - Symposia, transactions and proceedings 
10060 Biochemistry studies - General 

10064 Biochemistry studies - Proteins, peptides and amino acids 
10802 Enzymes - General and comparative studies: coenzymes 
31000 Physiology and biochemistry of bacteria 
51522 Plant physiology - Chemical constituents 
BIOSYSTEMATIC CODES: 

06702 Enterobacteriaceae 
26695 Salicaceae 

DESCRIPTORS : 

...ORGANISMS: Populus tremula { aspen tree} (Salicaceae) 
CHEMICALS & BIOCHEMICALS: ... SPl — 



1/9, K/5 (Item 5 from file: 5) 

DIALOG (R) File 5:Biosis Previews (R) 

(c) 2007 The Thomson Corporation. All rts. reserv. 

16998828 BIOSISNO.: 200200592339 

Characterization of SPl , a stress-responsive, boiling-soluble, 

homo-oligomeric protein from aspen 
AUTHOR: Wang Wang-Xia; Pelah Dan; Alergand Tal; Shoseyov Oded; Altman Arie 

(Reprint) 



AUTHOR ADDRESS: The Robert H. Smith Institute of Plant Sciences and 
Genetics in Agriculture and the Otto Warburg Center for Agricultural 
Biotechnology, Faculty of Agricultural, Food and Environmental Quality 
Sciences, The Hebrew University of Jerusalem, P.O. Box 12, Rehovot, 
76100, Israel**Israel 

JOURNAL: Plant Physiology (Rockville) 130 (2): p865-875 October, 2002 2002 

MEDIUM: print 

ISSN: 0032-0889 

DOCUMENT TYPE: Article 

RECORD TYPE: Abstract 

LANGUAGE: English 

ABSTRACT: spl cDNA was isolated from aspen (Populus tremula) plants by 
immunoscreening an expression library using polyclonal antibodies against 
BspA protein. BspA, which is a boiling-stable protein, accumulates in 
aspen plants in response to water stress and abscisic acid application 
(Pelah et al . , 1995). The spl cDNA was found to encode a 12.4-kD 
generally hydrophilic protein with a hydrophobic C terminus, which is 
different from the BspA protein and was termed SPl (stable protein 1). 
Northern-blot analysis revealed that spl encodes a small mRNA (about 
0.6 kb) that is expressed in aspen plants under non-stress conditions 
and is accumulated after salt, cold, heat, and desiccation stress, and 
during the recovery from stress. The SP1 detected in plants remained 
soluble upon boiling, migrated both as a 12.4-kD band and a much higher 
mass of 116 kD on a 17% (w/v) Tricine-sodium dodecyl 

sulf ate-polyacrylamide gel. Comparative protease digestion patterns, 
amino acid analyses, and the N-terminal sequences of the 12.4- and 116-kD 
proteins revealed that SP1 is homo-oligomeric . Furthermore, gel 
filtration chromatography analysis indicated that SPl exists in aspen 
plants as a complex, composed of 12 subunits of 12.4 kD. A large number 
of sequences deduced from expressed sequence tags and genomic sequences 
of other organisms with unknown function show high homology to SPl . 
Thus, SPl may represent a new protein family. Here, we present the 
first report on this putative protein family: the cloning, isolation, and 
characterization of SPl , a stress-responsive, boiling-soluble, 
oligomeric protein. 

DESCRIPTORS: 

MAJOR CONCEPTS: Biochemistry and Molecular Biophysics 
BIOSYSTEMATIC NAMES: Salicaceae — Dicotyledones , Angiospermae, 

Spermatophyta, Plantae 
ORGANISMS: Populus tremula { aspen } (Salicaceae) 

COMMON TAXONOMIC TERMS: Angiosperms ; Dicots; Plants; Spermatophytes ; 
Vascular Plants 

CHEMICALS & BIOCHEMICALS : SPl — characterization, stress-responsive, 

boiling soluble, homo-oligomeric protein; spl complementary DNA 
METHODS & EQUIPMENT: Northern-blot analysis — analytical method; gel 

filtration chromatography — analytical method; immunoscreening — 

immunologic method 
MISCELLANEOUS TERMS: cold stress; desiccation stress; heat stress; 

non-stress conditions; protein family characterization; salt stress; 

stress recovery 
CONCEPT CODES: 

10060 Biochemistry studies - General 
51522 Plant physiology - Chemical constituents 
BIOSYSTEMATIC CODES: 
26695 Salicaceae 



Characterization of SP1 , a stress-responsive, boiling-soluble, 
homo-oligomeric protein from aspen 

ABSTRACT: spl cDNA was isolated from aspen (Populus tremula) plants by 
immunoscreening an expression library using polyclonal antibodies against 
BspA protein. BspA, which is a boiling-stable protein, accumulates in 
aspen plants in response to water stress and abscisic acid application 
(Pelah et al . , 1995). The spl cDNA was found to encode a 12.4-kD 
generally hydrophilic protein with a hydrophobic C terminus, which is 
different from the BspA protein and was termed SP1 (stable protein 1). 
Northern-blot analysis revealed that spl encodes a small mRNA (about 
0.6 kb) that is expressed in aspen plants under non-stress conditions 
and is accumulated after salt, cold, heat, and desiccation stress, and 
during the recovery from stress. The SP1 detected in plants remained 
soluble upon boiling, migrated both as a 12.4-kD band... 

...and the N-terminal sequences of the 12.4- and 116-kD proteins revealed 
that SPl is homo-oligomeric. Furthermore, gel filtration chromatography 
analysis indicated that SPl exists in aspen plants as a complex, 
composed of 12 subunits of 12.4 kD. A large number... 

...sequence tags and genomic sequences of other organisms with unknown 
function show high homology to SPl . Thus, SPl may represent a new 
protein family. Here, we present the first report on this putative 
protein family: the cloning, isolation, and characterization of SPl , a 
stress-responsive, boiling-soluble, oligomeric protein. 

DESCRIPTORS: 

ORGANISMS: Populus tremula { aspen } (Salicaceae) 
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ABSTRACT: 

spl cDNA was isolated from aspen (Populus tremula) plants by 
immunoscreening an expression library using polyclonal antibodies against 
BspA protein. BspA, which is a boiling-stable protein, accumulates in 
aspen plants in response to water stress and abscisic acid application 
(Pelah et al . , 1995). The spl cDNA was found to encode a 12.4-kD 
generally hydrophilic protein with a hydrophobic C terminus, which is 
different from the BspA protein and was termed SPl (stable protein 1). 
Northern-blot analysis revealed that spl encodes a small mRNA (about 0.6 
kb) that is expressed in aspen plants under non-stress conditions and is 
accumulated after salt, cold, heat, and desiccation stress, and during the 
recovery from stress. The SPl detected in plants remained soluble upon 
boiling, migrated both as a 12.4-kD band and a much higher mass of 116 kD 
on a 17% (w/v) Tricine-sodium dodecyl sulf ate-polyacrylamide gel. 
Comparative protease digestion patterns, amino acid analyses, and the 
N-terminal sequences of the 12.4- and 116-kD proteins revealed that SPl 
is homo-oligomeric . Furthermore, gel filtration chromatography analysis 
indicated that SPl exists in aspen plants as a complex, composed of 12 
subunits of 12.4 kD. A large number of sequences deduced from expressed 
sequence tags and genomic sequences of other organisms with unknown 
function show high homology to SPl . Thus, SPl may represent a new 
protein family. Here, we present the first report on this putative protein 
family: the cloning, isolation, and characterization of SPl , a 
stress-responsive, boiling-soluble, oligomeric protein. 
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ABSTRACT: 

spl cDNA was isolated from aspen (Populus tremula) plants by 
immunoscreening an expression library using polyclonal antibodies against 
BspA protein. BspA, which is a boiling-stable protein, accumulates in 
aspen plants in response to water stress and abscisic acid application 
(Pelah et al . , 1995). The spl cDNA was found to encode a 12.4-kD 
generally hydrophilic protein with a hydrophobic C terminus, which is 
different from the BspA protein and was termed SPl (stable protein 1). 
Northern-blot analysis revealed that spl encodes a small mRNA (about 0.6 
kb) that is expressed in aspen plants under non-stress conditions and is 
accumulated after salt, cold, heat, and desiccation stress, and during the 
recovery from stress. The SPl detected in plants remained soluble upon 
boiling, migrated both as a 12.4-kD band... 

...and the N-terminal sequences of the 12.4- and 116-kD proteins revealed 
that SPl is homo-oligomeric. Furthermore, gel filtration chromatography 
analysis indicated that SPl exists in aspen plants as a complex, 
composed of 12 subunits of 12.4 kD. A large number... 

...sequence tags and genomic sequences of other organisms with unknown 
function show high homology to SPl . Thus, SPl may represent a new 
protein family. Here, we present the first report on this putative protein 
family: the cloning, isolation, and characterization of SPl , a 
stress-responsive, boiling-soluble, oligomeric protein. 
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Abstract: Stable protein 1 ( SP1 ) is a homo-oligomeric protein isolated 
from aspen (Populus tremula aspen ) plants which forms a ring-shape 
dodecameric particle with a central cavity. The oligomeric form of SPl 
is an exceptionally stable structure that is resistant to proteases 
(e.g., trypsin, V8, and proteinase K) , high temperatures, organic 
solvents, and high levels of ionic detergent. Analytical 
ultra-centrif ugation, chemical cross-linking, matrix-assisted 
laser-desorption time-of-f light mass spectrometry (MALDI-TOF-MS ) , and 
transmission electron microscopy were used to further characterize the 
SPl dodecamer. Introduction of a single cysteine at the N-terminus of 
SPl enabled the formation of disulfide bridges within the SPl 
dodecamer, concurrent with increased melting point. A six-histidine tag 
was introduced at the N-terminus of SPl to generate 6HSP1, and the 
Delta NSP1 mutant was generated by a deletion of amino acids 2-6 at the 
N-terminus. Both 6HSP1 and ANSP1 maintained their ability to assemble a 
stable dodecamer. Remarkably, these SPl homo-dodecamers were able to 
re-assemble into stable hetero-dodecamer s following co-electro-elution 
from SDS-PAGE. The exceptional stability of the SPl -nano ring and its 
ability to self-assemble hetero-complexes paves the way to further 
research in utilizing this unique protein in nano-biotechnology . (c) 
2006 Wiley Periodicals, Inc. 
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from aspen (Populus tremula aspen ) plants which forms a ring-shape 
dodecameric particle with a central cavity. The oligomeric form of SPl 
is an exceptionally stable structure that is resistant to proteases 
(e.g., trypsin, V8, and... 

...mass spectrometry (MALDI-TOF-MS ) , and transmission electron microscopy 
were used to further characterize the SPl dodecamer . Introduction of 
a single cysteine at the N-terminus of SPl enabled the formation of 
disulfide bridges within the SPl dodecamer, concurrent with increased 
melting point. A six-histidine tag was introduced at the N-terminus of 
SPl to generate 6HSP1, and the Delta NSP1 mutant was generated by a 
deletion of amino... 

...terminus. Both 6HSP1 and ANSP1 maintained their ability to assemble a 
stable dodecamer. Remarkably, these SPl homo-dodecamer s were able to 
re-assemble into stable hetero-dodecamer s following co-electro-elution 
from SDS-PAGE. The exceptional stability of the SPl -nano ring and its 
ability to self-assemble hetero-complexes paves the way to further... 
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Abstract: We previously reported on a new boiling stable protein isolated 
from aspen plants ( Populus tremula) , which we named SPl . SPl is 
a stress-related protein with no significant sequence homology to other 
stress-related proteins. It is a 108-amino-acid hydrophilic polypeptide 
with a molecular mass of 12.4 kDa (Wang, W. X., Pelah, D., Alergand, 
T., Shoseyov, 0., and Altman, A. ( 2002) Plant Physiol. 130, 865 - 875) 
and is found in an oligomeric form. Preliminary electron microscopy 
studies and matrix-assisted laser desorption ionization time-of-f light 
mass spectrometry experiments showed that SPl is a dodecamer composed 
of two stacking hexamers. We performed a SDS-PAGE analysis, a 
differential scanning calorimetric study, and crystal structure 
determination to further characterize SPl . SDS-PAGE indicated a 
spontaneous assembly of SPl to one stable oligomeric form, a 
dodecamer. Differential scanning calorimetric showed that SPl has 
high thermostability i.e. T-m of 107 degreesC (at pH 7.8). The crystal 
structure of SPl was initially determined to 2.4 Angstrom resolution 
by multi-wavelength anomalous dispersion method from a crystal 
belonging to the space group 1422. The phases were extended to 1.8 
Angstrom resolution using data from a different crystal form (P21). The 
final refined molecule includes 106 of the 108 residues and 132 water 
molecules ( on average for each chain). The R-free is 20.1%. The 
crystal structure indicated that the SPl molecule has a 
f erredoxin-like fold. Strong interactions between each two molecules 
create a stable dimer. Six dimers associate to form a ring-like-shaped 
dodecamer strongly resembling the particle visualized in the electron 
microscopy studies. No structural similarity was found between the 
crystal structure of SPl and the crystal structure of other 
stress-related proteins such as small heat shock proteins, whose 
structure has been already determined. This structural study further 
supports our previous report that SPl may represent a new family of 
stress-related proteins with high thermostability and oligomerization . 
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Abstract: A three dimensional theoretical model of SP1 (stable protein 

1), which is resistant to high temperature and biotic-stresses , is 

presented here. The model was generated by the application of homology 

modeling technique. The conformational rigidity imparted to the fold by 

the presence of hydrogen-bonded, C-5, C-7, C-10 and C-13 structures in 

the loop regions, multiple aromatic-aromatic interactions at the 

protein interior and on the surface, in addition to salt-links and 

hydrogen-bonds are primarily the major factors, responsible for the 

increased stability of protein. The putative protein family is 

characterized by motifs, E-x ( 0 , 1 ) -L-x- [AEGQS ] and V-x ( 2 , 3 ) -L-x- [ ADEGST ] 

and the active site in the tertiary structure is formed by conserved 
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Abstract: Plant biotechnology - especially in vitro regeneration and cell 
biology, DNA manipulation and biochemical engineering - is already 
changing the agricultural scene in three major areas: control of plant 
growth, protecting plants against biotic stress, and production of 
specialty foods, biochemicals and pharmaceuticals. Plant biotechnology 
faces several major challenges in the coming decades: alleviating the 
hazards of abiotic stress (especially salinity, drought, and extreme 
temperatures), improving pest control, maintenance and improvement of 
the environment, improvement of food quality and design of 'specialty 
food' using biochemical engineering, and production of biomaterials . 
Two parallel research approaches will most likely exist simultaneously 
in the near future: the transgenic approach (expression of unique genes 
and specific promoters and transcription factors), and the 
non-transgenic approach (genomics-assisted gene discovery, 
marker-assisted selection, efficient mutations, and clonal 
agriculture) . Drought and salinity are the most serious threats to 
agriculture and to the environment in many parts of the world. Key 
molecular factors that are being used for genetic engineering of 
stress-tolerant plants include: over-expression of specific 
transcription factors, characterization of dehydrin proteins, 



over-production of osmoprotectants, expression of water channel 
proteins and ion transporters, expression and characterization of 
molecular chaperones, including a novel boiling-stable homo-oligomeric 
SPl protein. Although molecular breeding is routine in agriculture, 
forest-tree species have been left far behind. However, the increasing 
demand for wood and its products and the reduction of available 
harvestable forests has recently led to the introduction of several 
molecular and biotechnological tools into forest-tree research and 
improvement. Among these are in vitro propagation, the identification 
of molecular markers, and genetic engineering for specific traits. 
Achievements today in plant biotechnology have already surpassed all 
previous expectations. The full realization and impact of the new 
developments depend not only on continued successful and innovative 
research and development activities, but also on a favorable regulatory 
climate and public acceptance. Plant scientists now have a central role 
in society. 
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...Abstract: ion transporters, expression and characterization of molecular 
chaperones, including a novel boiling-stable homo-oligomeric SPl 
protein. Although molecular breeding is routine in agriculture, 
forest-tree species have been left far... 
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Abstract: SPl (108 amino acids) is a boiling-stable stress-responsive 
protein. It has no significant sequence homology to other 
stress-related proteins or to small heat-shock proteins (sHsps) . SPl 
activity is ATP-independent, similar to other small heat-shock 
proteins. Based on these features, it is expected that the 
structure-function relationship of SPl will be unique. In this work, 
the crystallization and preliminary crystallographic data of native 
SPl and its selenomethionine derivative are described. Recombinant 
SPl and its selenomethionine derivative were expressed in Escherichia 
coli and used for crystallization experiments. SPl crystals were 
grown from 0.1 M HEPES pH 7.5, 20% PEG 3K, 0.2 M NaCl. One to four 
single crystals appeared in each droplet within a few days and grew to 
dimensions of about 0.5 x 0.5 x 0.8 mm after about two weeks. 
Diffraction studies of these crystals at low temperature indicated that 
they belong to space group 1422, with unit-cell parameters a = 89, b = 
89, c = 187 Angstrom. Efforts to crystallize the selenomethionine 
derivative of SPl are in progress. 
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SP1 , a novel chaperone-like protein 

Abstract: SPl (108 amino acids) is a boiling-stable stress-responsive 
protein. It has no significant sequence homology to other 
stress-related proteins or to small heat-shock proteins (sHsps) . SPl 
activity is ATP-independent , similar to other small heat-shock 
proteins. Based on these features, it is expected that the 
structure-function relationship of SPl will be unique. In this work, 
the crystallization and preliminary crystallographic data of native 
SPl and its selenomethionine derivative are described. Recombinant 
SPl and its selenomethionine derivative were expressed in Escherichia 
coli and used for crystallization experiments. SPl crystals were 
grown from 0.1 M HEPES pH 7.5, 20% PEG 3K, 0... 

...parameters a = 89, b = 89, c = 187 Angstrom. Efforts to crystallize the 
selenomethionine derivative of SPl are in progress. 
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Abstract: spl cDNA was isolated from aspen (Populus tremula) plants by 
immunoscreening an expression library using polyclonal antibodies 
against BspA protein. BspA, which is a boiling-stable protein, 
accumulates in aspen plants in response to water stress and abscisic 
acid application (Pelah et al . , 1995). The spl cDNA was found to 
encode a 12.4-kD generally hydrophilic protein with a hydrophobic C 
terminus, which is different from the BspA protein and was termed SPl 
(stable protein 1). Northern-blot analysis revealed that spl encodes 
a small mRNA (about 0.6 kb) that is expressed in aspen plants under 
non-stress conditions and is accumulated after salt, cold, heat, and 
desiccation stress, and during the recovery from stress. The SPl 
detected in plants remained soluble upon boiling, migrated both as a 
12.4-kD band and a much higher mass of 116 kD on a 17% (w/v) 



Tricine-sodium dodecyl sulf ate-polyacrylamide gel. Comparative protease 

digestion patterns, amino acid analyses, and the N-terminal sequences 

of the 12.4- and 116-kD proteins revealed that SPl is 

homo-oligomeric . Furthermore, gel filtration chromatography analysis 

indicated that SPl exists in aspen plants as a complex, composed of 

12 subunits of 12.4 kD. A large number of sequences deduced from 

expressed sequence tags and genomic sequences of other organisms with 

unknown function show high homology to SPl . Thus, SPl may represent 

a new protein family. Here, we present the first report on this 

putative protein family: the cloning, isolation, and characterization 

of SPl , a stress-responsive, boiling-soluble, oligomeric protein. 
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Title: Characterization of SP1 , a stress-responsive, boiling-soluble, 
homo-oligomeric protein from aspen 

Abstract: spl cDNA was isolated from aspen (Populus tremula) plants by 
immunoscreening an expression library using polyclonal antibodies 
against BspA protein. BspA, which is a boiling-stable protein, 
accumulates in aspen plants in response to water stress and abscisic 
acid application (Pelah et al . , 1995). The spl cDNA was found to 
encode a 12.4-kD generally hydrophilic protein with a hydrophobic C 
terminus, which is different from the BspA protein and was termed SPl 
(stable protein 1) . Northern-blot analysis revealed that spl encodes 
a small mRNA (about 0.6 kb) that is expressed in aspen plants under 
non-stress conditions and is accumulated after salt, cold, heat, and 
desiccation stress, and during the recovery from stress. The SPl 
detected in plants remained soluble upon boiling, migrated both as a 
12 . 4-kD band. . . 

...and the N-terminal sequences of the 12.4- and 116-kD proteins revealed 
that SPl is homo-oligomeric. Furthermore, gel filtration 
chromatography analysis indicated that SPl exists in aspen plants 
as a complex, composed of 12 subunits of 12.4 kD. A large number... 

...sequence tags and genomic sequences of other organisms with unknown 

function show high homology to SPl . Thus, SPl may represent a new 
protein family. Here, we present the first report on this putative 
protein family: the cloning, isolation, and characterization of SPl , 
a stress-responsive, boiling-soluble, oligomeric protein. 
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This work was carried out to determine the available lipid nutrients 
in wood and to understand the biodegradation mechanisms of lipids by 



sapstaining Ophiostoma species. 

The ability of three sapstaining fungal species Ophiostoma piceae 
387N, 0. ainoae 701A, and 0. piliferum 55H to degrade and utilize the major 
lipids in the sapwood of lodgepole pine and trembling aspen (Populus 
tremuloides Michx.) was investigated. The fungal growth rate in wood was 
monitored by quantifying ergosterol extracted from colonized wood. After 
two weeks colonization, the TGs in wood were degraded by 50% to 80%, which 
resulted in an accumulation of free FAs in the wood. 

Lipases (glycerol ester hydrolases, EC 3.1.1.3) are the enzymes 
responsible for hydrolyzing TGs into glycerol and FAs which are assimilable 
by fungal cells. Extracellular lipase activity of 0. piceae 387N was 
detected both in colonized wood and in liquid culture. The effect of 
various factors (carbon sources, nitrogen sources, and medium pH) on the 
growth and lipase activity of 0. piceae 387N were examined in liquid 
culture. The extracellular lipase secretion was enhanced in the presence of 
triglycerides. The composition of a medium was optimized for a high 
extracellular lipase production, which contained 2% olive oil as a carbon 
source and 0.5% ammonium sulfate and 3% peptone as nitrogen sources with an 
initial medium pH of 5.0. 

A major extracellular lipase was purified from the liquid culture 
filtrates of 0. piceae 387N by hydrophobic interaction chromatography and 
anion exchange chromatography. This lipase was characterized as a monomer 
with a molecular weight of 35 kDa, and was glycosylated, containing 10.1% 
carbohydrates. It was resolved as a single band on SDS-PAGe (sodium dodecyl 
sulf ate-polyacrylamide gel electrophoresis) gels, whereas 3 bands at pi's 
4.3, 4.1 and 3.8 were observed on IEF (isoelectric focusing) gels. 
Lipolytic stain demonstrated that the three bands on IEF gels were 
lipolytically active. The 3 isoforms were found to have a same N-terminal 
sequence as D$\ spl $-V$\sp2$-S$\sp3$-V$\sp4$-T$\sp5$-T$\sp6$-T$\sp7$-D$ 
\sp8$-I$\sp9$-D$\sp{10}$-A$\sp{ll}$-L$\sp{12}$-A$\sp{13}$- 

F$\sp{14}$-F$\sp{15}$-T$\sp{16}$-Q$\sp{17}$-W$\sp{18}$-A$\sp{19}$-G$\sp{20} 
.$ 

The purified 0. piceae 387N was stable at pH ' s 4 to 8 and at 
temperatures below 40$\sp\circ$C . The pH and temperature optima for 
activity were approximately pH 5.2 and 30$\sp\circ$C, respectively. Enzyme 
activity was not influence by N-ethylmaleimide, $ \beta$-mercaptoethanol , 
and dithiothreitol, was slightly enhanced by Ca$\sp{2+}$ and Mn$\sp{2+},$ 
and was severely inhibited by Hg$\sp{2+}$ and Fe$\sp{3+},$ diethyl 
pyrocarbonate, diethyl p-nitrophenyl phosphate, butyric acid, caproic acid, 
and SDS. The lipase showed high specificity toward substrates with 
intermediate and long chain FA residues, and belonged to a group of 1(3) 
positional specific lipases. The rate of hydrolysis of the lipase toward a 
triglyceride ( 1 , 3-dipalmitoyl-2-oleoyl-glycerol ) was 25-50 fold higher than 
that toward the waxes (oleyl esters) and cholesteryl esters. Finally, it 
was conclusively shown that the purified lipase could effectively release 
fatty acid residues from the triglycerides isolated from wood. 

The data and information obtained in this work have contributed to the 
understanding of the physiological and biochemical features of sapstaining 
Ophiostoma species. (Abstract shortened by UMI . ) 

BIODEGRADATION OF LIPIDS BY WOOD SAPSTAINING OPHIOSTOMA SPP . (PINUS 
CONTORTA, LODGEPOLE PINE, TREMBLING ASPEN , POPULUS TREMULOIDES) 

...to degrade and utilize the major lipids in the sapwood of lodgepole 
pine and trembling aspen (Populus tremuloides Michx.) was investigated. 
The fungal growth rate in wood was monitored by quantifying. . . 



...active. The 3 isoforms were found to have a same N-terminal sequence as 
D$\ spl $-V$\sp2$-S$\sp3$-V$\sp4$-T$\sp5$-T$\sp6$-T$\sp7$-D$ \sp8$-I... 
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We previously reported on a new boiling stable protein isolated from 

aspen plants ( Populus tremula ) , which we named SPl . SPl is a 
stress-related protein with no significant sequence homology to other 
stress-related proteins. It is a 108-amino-acid hydrophilic polypeptide 
with a molecular mass of 12.4 kDa (Wang, W. X., Pelah, D., Alergand, T . , 
Shoseyov, 0., and Altman, A. (2002) Plant Physiol. 130, 865-875) and is 
found in an oligomeric form. Preliminary electron microscopy studies and 
matrix-assisted laser desorption ionization time-of-f light mass 
spectrometry experiments showed that SPl is a dodecamer composed of two 
stacking hexamers. We performed a SDS-PAGE analysis, a differential 
scanning calorimetric study, and crystal structure determination to 
further characterize SPl . SDS-PAGE indicated a spontaneous assembly of 

SPl to one stable oligomeric form, a dodecamer. Differential scanning 
calorimetric showed that SPl has high thermostability i.e. T SUB m of 
107(deg)C (at pH 7.8). The crystal structure of SPl was initially 
determined to 2.4 A resolution by multi-wavelength anomalous dispersion 
method from a crystal belonging to the space group 1422. The phases were 
extended to 1.8 A resolution using data from a different crystal form 
(P21). The final refined molecule includes 106 of the 108 residues and 132 
water molecules (on average for each chain) . The R -free is 20.1%. The 
crystal structure indicated that the SPl molecule has a f erredoxin-like 
fold. Strong interactions between each two molecules create a stable 
dimer. Six dimers associate to form a ring-like-shaped dodecamer strongly 
resembling the particle visualized in the electron microscopy studies. No 
structural similarity was found between the crystal structure of SPl and 
the crystal structure of other stress-related proteins such as small heat 
shock proteins, whose structure has been already determined. This 
structural study further supports our previous report that SPl may 
represent a new family of stress-related proteins with high 
thermostability and oligomerization . 
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The structural basis of the thermostability of SP1 , a novel plant ( 
Populus tremula ) boiling stable protein. 

We previously reported on a new boiling stable protein isolated from 
aspen plants ( Populus tremula ) , which we named SPl . SPl is a 

stress-related protein with no significant sequence homology to other 

stress-related proteins... 

. . . studies and matrix-assisted laser desorption ionization time-of-f light 
mass spectrometry experiments showed that SPl is a dodecamer composed of 
two stacking hexamers. We performed a SDS-PAGE analysis, a differential 
scanning calorimetric study, and crystal structure determination to 
further characterize SPl . SDS-PAGE indicated a spontaneous assembly of 
SPl to one stable oligomeric form, a dodecamer. Differential scanning 
calorimetric showed that SPl has high thermostability i.e. T SUB m of 
107(deg)C (at pH 7.8). The crystal structure of SPl was initially 
determined to 2.4 A resolution by multi-wavelength anomalous dispersion 
method from. . . 

... for each chain). The R -free is 20.1%. The crystal structure indicated 
that the SPl molecule has a f erredoxin-like fold. Strong interactions 
between each two molecules create a stable... 

... in the electron microscopy studies. No structural similarity was found 
between the crystal structure of SPl and the crystal structure of other 
stress-related proteins such as small heat shock proteins, whose structure 
has been already determined. This structural study further supports our 
previous report that SPl may represent a new family of stress-related 
proteins with high thermostability and oligomerization . 
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The spl cDNA was isolated from aspen ( Populus tremula ) plants by 
immunoscreening an expression library using polyclonal antibodies against 
BspA protein. BspA, which is a boiling-stable protein, accumulates in 

aspen plants in response to water stress and abscisic acid application. 
The spl cDNA was found to encode a 12.4-kD generally hydrophilic protein 
with a hydrophobic C terminus, which is different from the BspA protein 
and was termed SPl (stable protein 1) . Northern-blot analysis revealed 
that spl encodes a small mRNA (about 0.6 kb) that is expressed in aspen 
plants under non-stress conditions and is accumulated after salt, cold, 
heat, and desiccation stress, and during recovery from stress. The SPl 
detected in plants remained soluble upon boiling, migrated both as a 
12.4-kD band and a much higher mass of 116 kD on a 17% (w/v) 
tricine-sodium dodecyl sulf ate-polyacrylamide gel. Comparative protease 
digestion patterns, amino acid analyses, and the N-terminal sequences of 
the 12.4- and 116-kD proteins revealed that SPl is homo-oligomeric . 
Furthermore, gel filtration chromatography analysis indicated that SPl 

exists in aspen plants as a complex, composed of 12 subunits of 12.4 
kD. A large number of sequences deduced from expressed sequence tags and 
genomic sequences of other organisms with unknown function show high 
homology to SPl . Thus, SPl may represent a new protein family. Here, 
we present the first report on this putative protein family: the cloning, 
isolation, and characterization of SPl , a stress-responsive, 
boiling-soluble, oligomeric protein. 

48 ref. 
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Characterization of SPl , a stress-responsive, boiling-soluble, 
homo-oligomeric protein from aspen . 

The spl cDNA was isolated from aspen ( Populus tremula ) plants by 
immunoscreening an expression library using polyclonal antibodies against 
BspA protein. BspA, which is a boiling-stable protein, accumulates in 

aspen plants in response to water stress and abscisic acid application. 
The spl cDNA was found to encode a 12.4-kD generally hydrophilic protein 
with a hydrophobic C terminus, which is different from the BspA protein 
and was termed SPl (stable protein 1) . Northern-blot analysis revealed 
that spl encodes a small mRNA (about 0.6 kb) that is expressed in aspen 
plants under non-stress conditions and is accumulated after salt, cold, 
heat, and desiccation stress, and during recovery from stress. The SPl 
detected in plants remained soluble upon boiling, migrated both as a 
12 . 4-kD band. . . 

. .. and the N-terminal sequences of the 12.4- and 116-kD proteins revealed 
that SPl is homo-oligomeric. Furthermore, gel filtration chromatography 
analysis indicated that SPl exists in aspen plants as a complex, 
composed of 12 subunits of 12.4 kD. A large number... 



. . . sequence tags and genomic sequences of other organisms with unknown 
function show high homology to SP1 . Thus, SPl may represent a new 
protein family. Here, we present the first report on this putative protein 
family: the cloning, isolation, and characterization of SPl , a 
stress-responsive, boiling-soluble, oligomeric protein. 
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Stable protein 1 ( SPl ) is a homo-oligomeric protein isolated from aspen 
(Populus tremula aspen ) plants which forms a ring-shape dodecameric 
particle with a central cavity. The oligomeric form of SPl is an 
exceptionally stable structure that is resistant to proteases (e.g., 
trypsin, V8, and proteinase K) , high temperatures, organic solvents, and 
high levels of ionic detergent. Analytical ultra-centr if ugation, chemical 
cross-linking, matrix-assisted laser-desorption time-of-f light mass 
spectrometry (MALDI-TOF-MS ) , and transmission electron microscopy were used 
to further characterize the SPl dodecamer . Introduction of a single 
cysteine at the N-terminus of SPl enabled the formation of disulfide 
bridges within the SPl dodecamer, concurrent with increased melting 
point. A six-histidine tag was introduced at the N-terminus of SPl to 
generate 6HSP1, and the DELTANSP1 mutant was generated by a deletion of 
amino acids 2-6 at the N-terminus. Both 6HSP1 and DELTANSP1 maintained 
their ability to assemble a stable dodecamer. Remarkably, these SPl 
homo-dodecamers were able to re-assemble into stable hetero-dodecamers 
following co-electro-elution from SDS-PAGE. The exceptional stability of 
the SPl -nano ring and its ability to self-assemble hetero-complexes paves 
the way to further research in utilizing this unique protein in 
nano-biotechnology . (c) 2006 Wiley Periodicals, Inc. 

DESCRIPTORS: 

Tremula; Oligomer; Stable; Self-assembly; Nanoparticle 
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Populus tremula 
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Aspen SP1 , an exceptional thermal, protease and detergent-resistant 
self-assembled nano-particle 

Stable protein 1 ( SPl ) is a homo-oligomer ic protein isolated from aspen 
(Populus tremula aspen ) plants which forms a ring-shape dodecameric 
particle with a central cavity. The oligomeric form of SPl is an 
exceptionally stable structure that is resistant to proteases (e.g., 
trypsin, V8, and. . . 

...mass spectrometry (MALDI-TOF-MS ) , and transmission electron microscopy 
were used to further characterize the SPl dodecamer. Introduction of a 
single cysteine at the N-terminus of SPl enabled the formation of 
disulfide bridges within the SPl dodecamer, concurrent with increased 
melting point. A six-histidine tag was introduced at the N-terminus of SPl 
to generate 6HSP1, and the DELTANSP1 mutant was generated by a deletion of 
amino acids . . . 

...terminus. Both 6HSP1 and DELTANSP1 maintained their ability to assemble 
a stable dodecamer. Remarkably, these SPl homo-dodecamer s were able to 
re-assemble into stable hetero-dodecamers following co-electro-elution from 
SDS-PAGE. The exceptional stability of the SPl -nano ring and its ability 
to self-assemble hetero-complexes paves the way to further... 
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We previously reported on a new boiling stable protein isolated from aspen 

plants (Populus tremula) , which we named SPl . SPl is a stress-related 
protein with no significant sequence homology to other stress-related 
proteins. It is a 1 0 8-amino-acid hydrophilic polypeptide with a molecular 
mass of 12.4 kDa (Wang, W. X., Pelah, D., Alergand, T., Shoseyov, 0., and 
Altman, A. (2002) Plant Physiol. 130, 865-875) and is found in an 
oligomeric form. Preliminary electron microscopy studies and 
matrix-assisted laser desorption ionization time-of-f liglit mass 
spectrometry experiments showed that SPl is a dodecamer composed of two 
stacking hexamers. We performed a SDS-PAGE analysis, a differential 
scanning calorimetric study, and crystal structure determination to further 



characterize SPl . SDS-PAGE indicated a spontaneous assembly of SPl to 
one stable oligomeric form, a dodecamer. Differential scanning calorimetric 
showed that SPl has high thermostability i.e. TSUBm of 107degreesC (at pH 
7.8) . The crystal structure of SPl was initially determined to 2.4 A 
resolution by multi-wave-length anomalous dispersion method from a crystal 
belonging to the space group 1422. The phases were extended to 1.8 A 
resolution using data from a different crystal form (P21). The final 
refined molecule includes 106 of the 108 residues and 132 water molecules 
(on average for each chain). The R-free is 20.1%. The crystal structure 
indicated that the SPl molecule has a f erredoxin-like fold. Strong 
interactions between each two molecules create a stable dimer. Six dimers 
associate to form a ring-like-shaped dodecamer strongly resembling the 
particle visualized in the electron microscopy studies. No structural 
similarity was found between the crystal structure of SPl and the crystal 
structure of other stress-related proteins such as small heat shock 
proteins, whose structure has been already determined. This structural 
study further supports our previous report that SPl may represent a new 
family of stress-related proteins with high thermostability and 
oligomerization . 

SPECIES DESCRIPTORS: 
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82.2.8 - PROTEIN BIOCHEMISTRY / STRUCTURAL STUDIES / Folding, Unfolding and 
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The structural basis of the thermostability of SPl , a novel plant 
(Populus tremula) boiling stable protein 

We previously reported on a new boiling stable protein isolated from aspen 

plants (Populus tremula) , which we named SPl . SPl is a stress-related 
protein with no significant sequence homology to other stress-related 
proteins . . . 

...studies and matrix-assisted laser desorption ionization time-of-f liglit 
mass spectrometry experiments showed that SPl is a dodecamer composed of 
two stacking hexamers. We performed a SDS-PAGE analysis, a differential 
scanning calorimetric study, and crystal structure determination to further 
characterize SPl . SDS-PAGE indicated a spontaneous assembly of SPl to 
one stable oligomeric form, a dodecamer. Differential scanning calorimetric 
showed that SPl has high thermostability i.e. TSUBm of 107degreesC (at pH 
7.8). The crystal structure of SPl was initially determined to 2.4 A 
resolution by multi-wave-length anomalous dispersion method. . . 

...for each chain). The R-free is 20.1%. The crystal structure indicated 
that the SPl molecule has a f erredoxin-like fold. Strong interactions 
between each two molecules create a stable... 

...in the electron microscopy studies. No structural similarity was found 
between the crystal structure of SPl and the crystal structure of other 
stress-related proteins such as small heat shock proteins, whose structure 
has been already determined. This structural study further supports our 
previous report that SPl may represent a new family of stress-related 
proteins with high thermostability and oligomerization. 
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A three dimensional theoretical model of SP1 (stable protein 1), which is 
resistant to high temperature and biotic-stresses , is presented here. The 
model was generated by the application of homology modeling technique. The 
conformational rigidity imparted to the fold by the presence of 
hydrogen-bonded, CSUB5, CSUB7, CSUB10 and CSUB13 structures in the loop 
regions, multiple aromatic - aromatic interactions at the protein interior 
and on the surface, in addition to salt-links and hydrogen-bonds are 
primarily the major factors, responsible for the increased stability of 
protein. The putative protein family is characterized by motifs, 
E-x(0,l)-L-x-[AEGQS] and V-x (2, 3) -L-x- [ADEGST] and the active site in the 
tertiary structure is formed by conserved aromatic and isoleucine clusters. 

DESCRIPTORS: 
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Structural Features in the Model of a Thermostable and Stress-resistant 
Protein, SP1 from aspen 

A three dimensional theoretical model of SPl (stable protein 1), which is 
resistant to high temperature and biotic-stresses, is presented here... 
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spl cDNA was isolated from aspen (Populus tremula) plants by 
immunoscreening an expression library using polyclonal antibodies against 
BspA protein. BspA, which is a boiling-stable protein, accumulates in 
aspen plants in response to water stress and abscisic acid application 
(Pelah et al . , 1995). The spl cDNA was found to encode a 12.4-kD 
generally hydrophilic protein with a hydrophobic C terminus, which is 
different from the BspA protein and was termed SP1 (stable protein 1) . 
Northern-blot analysis revealed that spl encodes a small mRNA (about 0.6 
kb) that is expressed in aspen plants under non-stress conditions and is 
accumulated after salt, cold, heat, and desiccation stress, and during the 
recovery from stress. The SP1 detected in plants remained soluble upon 
boiling, migrated both as a 12.4-kD band and a much higher mass of 116 kD 
on a 17% (w/v) Tricine-sodium dodecyl sulf ate-polyacrylamide gel. 
Comparative protease digestion patterns, amino acid analyses, and the 
N-terminal sequences of the 12.4- and 116-kD proteins revealed that SPl 
is homo-oligomeric. Furthermore, gel filtration chromatography analysis 
indicated that SPl exists in aspen plants as a complex, composed of 12 
subunits of 12.4 kD. A large number of sequences deduced from expressed 
sequence tags and genomic sequences of other organisms with unknown 
function show high homology to SPl . Thus, SPl may represent a new 
protein family. Here, we present the first report on this putative protein 
family: the cloning, isolation, and characterization of SPl , a 
stress-responsive, boiling-soluble, oligomeric protein. 
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MOLECULAR SEQUENCE DATABANK NUMBER: 
EMBL/AJ276517/ (SUBMITTED NUMBER) 

Characterization of SP1 , a stress-responsive, boiling-soluble, 
homo-oligomeric protein from aspen 

spl cDNA was isolated from aspen (Populus tremula) plants by 
immunoscreening an expression library using polyclonal antibodies against 
BspA protein. BspA, which is a boiling-stable protein, accumulates in 
aspen plants in response to water stress and abscisic acid application 
(Pelah et al . , 1995). The spl cDNA was found to encode a 12.4-kD 
generally hydrophilic protein with a hydrophobic C terminus, which is 
different from the BspA protein and was termed SP1 (stable protein 1). 
Northern-blot analysis revealed that spl encodes a small mRNA (about 0.6 
kb) that is expressed in aspen plants under non-stress conditions and is 
accumulated after salt, cold, heat, and desiccation stress, and during the 
recovery from stress. The SP1 detected in plants remained soluble upon 
boiling, migrated both as a 12.4-kD band... 

...and the N-terminal sequences of the 12.4- and 116-kD proteins revealed 
that SPl is homo-oligomeric. Furthermore, gel filtration chromatography 
analysis indicated that SPl exists in aspen plants as a complex, 
composed of 12 subunits of 12.4 kD. A large number... 

...sequence tags and genomic sequences of other organisms with unknown 
function show high homology to SPl . Thus, SPl may represent a new 
protein family. Here, we present the first report on this putative protein 
family: the cloning, isolation, and characterization of SPl , a 
stress-responsive, boiling-soluble, oligomeric protein. 



l/9,K/20 (Item 1 from file: 73) 

DIALOG (R) File 73 : EMBASE 

(c) 2007 Elsevier B.V. All rts. reserv. 

14019737 EMBASE No: 2006434283 

Aspen SPl , an exceptional thermal, protease and detergent-resistant 
self-assembled nano-particle 

Wang W.-X.; Dgany 0.; Wolf S.G.; Levy I.; Algom R.; Pouny Y . ; Wolf A. ; 
Marton I.; Altman A.; Shoseyov 0. 

0. Shoseyov, Department of Biological Chemistry, Weizmann Institute of 

Science, Rehovot 76100 Israel 

AUTHOR EMAIL: shoseyov@agri.huji.ac.il 

Biotechnology and Bioengineering ( BIOTECHNOL. BIOENG. ) (United States) 
05 SEP 2006, 95/1 (161-168) 

CODEN: BIBIA ISSN: 0006-3592 elSSN: 1097-0290 
DOCUMENT TYPE: Journal ; Article 
LANGUAGE: ENGLISH SUMMARY LANGUAGE: ENGLISH 
NUMBER OF REFERENCES: 21 

Stable protein 1 ( SPl ) is a homo-oligomeric protein isolated from 
aspen (Populus tremula aspen ) plants which forms a ring-shape 
dodecameric particle with a central cavity. The oligomeric form of SPl is 
an exceptionally stable structure that is resistant to proteases (e.g., 
trypsin, V8, and proteinase K) , high temperatures, organic solvents, and 
high levels of ionic detergent. Analytical ultra-centrif ugation, chemical 
cross-linking, matrix-assisted laser-desorption time-of-f light mass 



spectrometry (MALDI-TOF-MS ) , and transmission electron microscopy were used 
to further characterize the SPl dodecamer. Introduction of a single 
cysteine at the N-terminus of SPl enabled the formation of disulfide 
bridges within the SPl dodecamer, concurrent with increased melting 
point. A six-histidine tag was introduced at the N-terminus of SPl to 
generate 6HSP1, and the DELTANSP1 mutant was generated by a deletion of 
amino acids 2-6 at the N-terminus. Both 6HSP1 and DELTANSP1 maintained 
their ability to assemble a stable dodecamer. Remarkably, these SPl 
homo-dodecamers were able to re-assemble into stable hetero-dodecamers 
following co-electro-elution from SDS-PAGE. The exceptional stability of 
the SPl -nano ring and its ability to self-assemble hetero-complexes paves 
the way to further research in utilizing this unique protein in 
nano-biotechnology . (c) 2006 Wiley Periodicals, Inc. 
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Aspen SPl , an exceptional thermal, protease and detergent-resistant 
self-assembled nano-particle 

Stable protein 1 ( SPl ) is a homo-oligomer ic protein isolated from 
aspen (Populus tremula aspen ) plants which forms a ring-shape 
dodecameric particle with a central cavity. The oligomeric form of SPl is 
an exceptionally stable structure that is resistant to proteases (e.g., 
trypsin, V8, and. . . 

...mass spectrometry (MALDI-TOF-MS), and transmission electron microscopy 
were used to further characterize the SPl dodecamer. Introduction of a 
single cysteine at the N-terminus of SPl enabled the formation of 
disulfide bridges within the SPl dodecamer, concurrent with increased 
melting point. A six-histidine tag was introduced at the N-terminus of SPl 
to generate 6HSP1, and the DELTANSP1 mutant was generated by a deletion of 
amino acids . . . 

...terminus. Both 6HSP1 and DELTANSP1 maintained their ability to assemble 
a stable dodecamer. Remarkably, these SPl homo-dodecamers were able to 
re-assemble into stable hetero-dodecamers following co-electro-elution from 
SDS-PAGE. The exceptional stability of the SPl -nano ring and its ability 
to self-assemble hetero-complexes paves the way to further... 
MEDICAL DESCRIPTORS: 

nanoparticle; aspen ; oligomerization; temperature; centrif ugation ; cross 
linking; matrix assisted laser desorption ionization time of flight mass 
spectrometry. . . 
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We previously reported on a new boiling stable protein isolated from 
aspen plants (Populus tremula) , which we named SP1 . SP1 is a 
stress-related protein with no significant sequence homology to other 
stress-related proteins. It is a 1 0 8-amino-acid hydrophilic polypeptide 
with a molecular mass of 12.4 kDa (Wang, W. X., Pelah, D., Alergand, T., 
Shoseyov, 0., and Altman, A. (2002) Plant Physiol. 130, 865-875) and is 
found in an oligomeric form. Preliminary electron microscopy studies and 
matrix-assisted laser desorption ionization time-of-f liglit mass 
spectrometry experiments showed that SPl is a dodecamer composed of two 
stacking hexamers. We performed a SDS-PAGE analysis, a differential 
scanning calorimetric study, and crystal structure determination to further 
characterize SPl . SDS-PAGE indicated a spontaneous assembly of SPl to 
one stable oligomeric form, a dodecamer. Differential scanning calorimetric 
showed that SPl has high thermostability i.e. TSUBm of 107degreesC (at pH 
7.8). The crystal structure of SPl was initially determined to 2.4 A 
resolution by multi-wave-length anomalous dispersion method from a crystal 
belonging to the space group 1422. The phases were extended to 1.8 A 
resolution using data from a different crystal form (P21). The final 
refined molecule includes 106 of the 108 residues and 132 water molecules 
(on average for each chain). The R-free is 20.1%. The crystal structure 
indicated that the SPl molecule has a f erredoxin-like fold. Strong 
interactions between each two molecules create a stable dimer. Six dimers 
associate to form a ring-like-shaped dodecamer strongly resembling the 
particle visualized in the electron microscopy studies. No structural 
similarity was found between the crystal structure of SPl and the crystal 
structure of other stress-related proteins such as small heat shock 
proteins, whose structure has been already determined. This structural 
study further supports our previous report that SPl may represent a new 
family of stress-related proteins with high thermostability and 
oligomerization . 
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The structural basis of the thermostability of SP1 , a novel plant 
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We previously reported on a new boiling stable protein isolated from 
aspen plants (Populus tremula) , which we named SP1 . SPl is a 
stress-related protein with no significant sequence homology to other 
stress-related proteins... 

...studies and matrix-assisted laser desorption ionization time-of-f liglit 
mass spectrometry experiments showed that SPl is a dodecamer composed of 
two stacking hexamers. We performed a SDS-PAGE analysis, a differential 
scanning calorimetric study, and crystal structure determination to further 
characterize SPl . SDS-PAGE indicated a spontaneous assembly of SPl to 
one stable oligomeric form, a dodecamer. Differential scanning calorimetric 
showed that SPl has high thermostability i.e. TSUBm of 107degreesC (at pH 
7.8). The crystal structure of SPl was initially determined to 2.4 A 
resolution by multi-wave-length anomalous dispersion method. . . 

...for each chain). The R-free is 20.1%. The crystal structure indicated 
that the SPl molecule has a f erredoxin-like fold. Strong interactions 
between each two molecules create a stable... 

...in the electron microscopy studies. No structural similarity was found 
between the crystal structure of SPl and the crystal structure of other 
stress-related proteins such as small heat shock proteins, whose structure 
has been already determined. This structural study further supports our 
previous report that SPl may represent a new family of stress-related 
proteins with high thermostability and oligomerization. 
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A three dimensional theoretical model of SP1 (stable protein 1), which 
is resistant to high temperature and biotic-stresses , is presented here. 
The model was generated by the application of homology modeling technique. 
The conformational rigidity imparted to the fold by the presence of 
hydrogen-bonded, CSUB5, CSUB7 , CSUB10 and CSUB13 structures in the loop 
regions, multiple aromatic - aromatic interactions at the protein interior 
and on the surface, in addition to salt-links and hydrogen-bonds are 
primarily the major factors, responsible for the increased stability of 
protein. The putative protein family is characterized by motifs, 
E-x(0,l)-L-x-[AEGQS] and V-x ( 2 , 3 ) -L-x- [ADEGST ] and the active site in the 
tertiary structure is formed by conserved aromatic and isoleucine clusters. 
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Stable protein 1 ( SP1 ) is a homo-oligomeric protein isolated from 
aspen (Populus tremula aspen ) plants which forms a ring-shape 
dodecameric particle with a central cavity. The oligomeric form of SPl is 
an exceptionally stable structure that is resistant to proteases (e.g., 
trypsin, V8, and proteinase K) , high temperatures, organic solvents, and 
high levels of ionic detergent. Analytical ultra-centrif ugation, chemical 
cross-linking, matrix-assisted laser-desorption time-of-f light mass 
spectrometry (MALDI-TOF-MS ) , and transmission electron microscopy were used 
to further characterize the SPl dodecamer . Introduction of a single 
cysteine at the N-terminus of SPl enabled the formation of disulfide 
bridges within the SPl dodecamer, concurrent with increased melting 
point. A six-histidine tag was introduced at the N-terminus of SPl to 
generate 6HSP1, and the ANSP1 mutant was generated by a deletion of amino 
acids 2-6 at the N-terminus. Both 6HSP1 and ANSP1 maintained their ability 
to assemble a stable dodecamer. Remarkably, these SPl homo-dodecamers 
were able to re-assemble into stable hetero-dodecamers following 
co-electro-elution from SDS-PAGE. The exceptional stability of the SPl 
-nano ring and its ability to self-assemble hetero-complexes paves the way 
to further research in utilizing this unique protein in 
nano-biotech-nology . 
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Aspen SPl , an exceptional thermal, protease and detergent-resistant 
self-assembled nano-particle 

Stable protein 1 ( SPl ) is a homo-oligomeric protein isolated from 
aspen (Populus tremula aspen ) plants which forms a ring-shape 
dodecameric particle with a central cavity. The oligomeric form of SPl is 
an exceptionally stable structure that is resistant to proteases (e.g., 
trypsin, V8, and. . . 

... mass spectrometry (MALDI-TOF-MS), and transmission electron microscopy 
were used to further characterize the SPl dodecamer. Introduction of a 
single cysteine at the N-terminus of SPl enabled the formation of 
disulfide bridges within the SPl dodecamer, concurrent with increased 
melting point. A six-histidine tag was introduced at the N-terminus of SPl 
to generate 6HSP1, and the ANSP1 mutant was generated by a deletion 



of amino acids 2. 



... terminus. Both 6HSP1 and ANSP1 maintained their ability to assemble a 
stable dodecamer. Remarkably, these SPl homo-dodecamers were able to 
re-assemble into stable hetero-dodecamers following co-electro-elution from 
SDS-PAGE. The exceptional stability of the SPl -nano ring and its ability 
to self-assemble hetero-complexes paves the way to further... 
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spl cDNA was isolated from aspen (Populus tremula) plants by 
immunoscreening an expression library using polyclonal antibodies against 
BspA protein. BspA, which is a boiling-stable protein, accumulates in 
aspen plants in response to water stress and abscisic acid application 
(Pelah et al . , 1995). The spl cDNA was found to encode a 12.4-kD 
generally hydrophilic protein with a hydrophobic C terminus, which is 
different from the BspA protein and was termed SPl (stable protein 1). 
Northern-blot analysis revealed that spl encodes a small mRNA (about 0.6 
kb) that is expressed in aspen plants under non-stress conditions and is 
accumulated after salt, cold, heat, and desiccation stress, and during the 
recovery from stress. The SPl detected in plants remained soluble upon 
boiling, migrated both as a 12.4-kD band and a much higher mass of 116 kD 
on a 17% (w/v) Tricine-sodium dodecyl sulf ate-polyacrylamide gel. 
Comparative protease digestion patterns, amino acid analyses, and the 
N-terminal sequences of the 12.4- and 116-kD proteins revealed that SPl 
is homo-oligomeric. Furthermore, gel filtration chromatography analysis 
indicated that SPl exists in aspen plants as a complex, composed of 12 
subunits of 12.4 kD. A large number of sequences deduced from expressed 
sequence tags and genomic sequences of other organisms with unknown 
function show high homology to SPl . Thus, SPl may represent a new 
protein family. Here, we present the first report on this putative protein 
family: the cloning, isolation, and characterization of SPl , a 
stress-responsive, boiling-soluble, oligomeric protein. 
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Characterization of SP1 , a stress-responsive, boiling-soluble, 
homo-oligomeric protein from aspen 

spl cDNA was isolated from aspen (Populus tremula) plants by 
immunoscreening an expression library using polyclonal antibodies against 
BspA protein. BspA, which is a boiling-stable protein, accumulates in 
aspen plants in response to water stress and abscisic acid application 
(Pelah et al . , 1995). The spl cDNA was found to encode a 12.4-kD 
generally hydrophilic protein with a hydrophobic C terminus, which is 
different from the BspA protein and was termed SP1 (stable protein 1). 
Northern-blot analysis revealed that spl encodes a small mRNA (about 0.6 
kb) that is expressed in aspen plants under non-stress conditions and is 
accumulated after salt, cold, heat, and desiccation stress, and during the 
recovery from stress. The SP1 detected in plants remained soluble upon 
boiling, migrated both as a 12.4-kD band... 

... and the N-terminal sequences of the 12.4- and 116-kD proteins revealed 
that SPl is homo-oligomeric. Furthermore, gel filtration chromatography 
analysis indicated that SPl exists in aspen plants as a complex, 
composed of 12 subunits of 12.4 kD. A large number... 

. . . sequence tags and genomic sequences of other organisms with unknown 
function show high homology to SPl . Thus, SPl may represent a new 
protein family. Here, we present the first report on this putative protein 
family: the cloning, isolation, and characterization of SPl , a 
stress-responsive, boiling-soluble, oligomeric protein. 
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Stable protein 1 ( SP1 ) is a homo-oligomeric protein isolated from 
aspen (Populus tremula aspen ) plants which forms a ring-shape 
dodecameric particle with a central cavity. The oligomeric form of SPl is 
an exceptionally stable structure that is resistant to proteases (e.g., 
trypsin, V8, and proteinase K) , high temperatures, organic solvents, and 
high levels of ionic detergent. Analytical ultra-centrif ugation, chemical 
cross-linking, matrix-assisted laser-desorption time-of-f light mass 
spectrometry (MALDI-TOF-MS ) , and transmission electron microscopy were used 
to further characterize the SPl dodecamer . Introduction of a single 
cysteine at the N-terminus of SPl enabled the formation of disulfide 
bridges within the SPl dodecamer, concurrent with increased melting 
point. A six-histidine tag was introduced at the N-terminus of SPl to 
generate 6HSP1 , and the DeltaNSPl mutant was generated by a deletion of 
amino acids 2-6 at the N-terminus. Both 6HSP1 and DeltaNSPl maintained 
their ability to assemble a stable dodecamer. Remarkably, these SPl 
homo-dodecamers were able to re-assemble into stable hetero-dodecamers 
following co-electro-elution from SDS-PAGE. The exceptional stability of 
the SPl -nano ring and its ability to self-assemble hetero-complexes paves 
the way to further research in utilizing this unique protein in 
nano-biotechnology . (c) 2006 Wiley Periodicals, Inc. 
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Aspen SPl , an exceptional thermal, protease and detergent-resistant 
self-assembled nano-particle . 

Stable protein 1 ( SPl ) is a homo-oligomeric protein isolated from 
aspen (Populus tremula aspen ) plants which forms a ring-shape 
dodecameric particle with a central cavity. The oligomeric form of SPl is 
an exceptionally stable structure that is resistant to proteases (e.g., 
trypsin, V8, and. . . 

... mass spectrometry (MALDI-TOF-MS), and transmission electron microscopy 
were used to further characterize the SPl dodecamer. Introduction of a 
single cysteine at the N-terminus of SPl enabled the formation of 
disulfide bridges within the SPl dodecamer, concurrent with increased 
melting point. A six-histidine tag was introduced at the N-terminus of SPl 



to generate 6HSP1, and the DeltaNSPl mutant was generated by a deletion of 
amino acids . . . 

... terminus. Both 6HSP1 and DeltaNSPl maintained their ability to assemble 
a stable dodecamer. Remarkably, these SPl homo-dodecamers were able to 
re-assemble into stable hetero-dodecamers following co-electro-elution from 
SDS-PAGE. The exceptional stability of the SPl -nano ring and its ability 
to self-assemble hetero-complexes paves the way to further... 
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We previously reported on a new boiling stable protein isolated from 
aspen plants (Populus tremula) , which we named SPl . SPl is a 
stress-related protein with no significant sequence homology to other 
stress-related proteins. It is a 108-amino-acid hydrophilic polypeptide 
with a molecular mass of 12.4 kDa (Wang, W. X., Pelah, D., Alergand, T . , 
Shoseyov, 0., and Altman, A. (2002) Plant Physiol. 130, 865-875) and is 
found in an oligomeric form. Preliminary electron microscopy studies and 
matrix-assisted laser desorption ionization time-of-f light mass 
spectrometry experiments showed that SPl is a dodecamer composed of two 
stacking hexamers. We performed a SDS-PAGE analysis, a differential 
scanning calorimetric study, and crystal structure determination to further 
characterize SPl . SDS-PAGE indicated a spontaneous assembly of SPl to 
one stable oligomeric form, a dodecamer. Differential scanning calorimetric 
showed that SPl has high thermostability i.e. Tm of 107 degrees C (at pH 
7.8). The crystal structure of SPl was initially determined to 2.4 A 
resolution by multi-wavelength anomalous dispersion method from a crystal 
belonging to the space group 1422. The phases were extended to 1.8 A 
resolution using data from a different crystal form (P21) . The final 
refined molecule includes 106 of the 108 residues and 132 water molecules 
(on average for each chain). The R-free is 20.1%. The crystal structure 
indicated that the SPl molecule has a f erredoxin-like fold. Strong 
interactions between each two molecules create a stable dimer. Six dimers 
associate to form a ring-like-shaped dodecamer strongly resembling the 
particle visualized in the electron microscopy studies. No structural 
similarity was found between the crystal structure of SPl and the crystal 
structure of other stress-related proteins such as small heat shock 
proteins, whose structure has been already determined. This structural 
study further supports our previous report that SPl may represent a new 



family of stress-related proteins with high thermostability and 
oligomerization . 
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The structural basis of the thermostability of SP1 , a novel plant 
(Populus tremula) boiling stable protein. 

We previously reported on a new boiling stable protein isolated from 
aspen plants (Populus tremula) , which we named SP1 . SP1 is a 
stress-related protein with no significant sequence homology to other 
stress-related proteins... 

. . . studies and matrix-assisted laser desorption ionization time-of-f light 
mass spectrometry experiments showed that SP1 is a dodecamer composed of 
two stacking hexamers. We performed a SDS-PAGE analysis, a differential 
scanning calorimetric study, and crystal structure determination to further 
characterize SP1 . SDS-PAGE indicated a spontaneous assembly of SPl to 
one stable oligomeric form, a dodecamer. Differential scanning calorimetric 
showed that SPl has high thermostability i.e. Tm of 107 degrees C (at pH 
7.8). The crystal structure of SPl was initially determined to 2.4 A 
resolution by multi-wavelength anomalous dispersion method from. . . 

... for each chain). The R-free is 20.1%. The crystal structure indicated 
that the SPl molecule has a f erredoxin-like fold. Strong interactions 
between each two molecules create a stable... 

... in the electron microscopy studies. No structural similarity was found 
between the crystal structure of SPl and the crystal structure of other 
stress-related proteins such as small heat shock proteins, whose structure 
has been already determined. This structural study further supports our 
previous report that SPl may represent a new family of stress-related 
proteins with high thermostability and oligomerization. 
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A three dimensional theoretical model of SPl (stable protein 1), which 
is resistant to high temperature and biotic-stresses , is presented here. 
The model was generated by the application of homology modeling technique. 
The conformational rigidity imparted to the fold by the presence of 
hydrogen-bonded, C5, C7, C10 and C13 structures in the loop regions, 
multiple aromatic — aromatic interactions at the protein interior and on the 
surface, in addition to salt-links and hydrogen-bonds are primarily the 
major factors, responsible for the increased stability of protein. The 
putative protein family is characterized by motifs, E-x ( 0 , 1 ) -L-x- [ AEGQS ] 
and V-x ( 2 , 3 ) -L-x- [ADEGST] and the active site in the tertiary structure is 
formed by conserved aromatic and isoleucine clusters. 
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Structural features in the model of a thermostable and stress-resistant 
protein, SPl from aspen . 

A three dimensional theoretical model of SPl (stable protein 1), which 
is resistant to high temperature and biotic-stresses, is presented here... 
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spl cDNA was isolated from aspen (Populus tremula) plants by 
immunoscreening an expression library using polyclonal antibodies against 
BspA protein. BspA, which is a boiling-stable protein, accumulates in 
aspen plants in response to water stress and abscisic acid application 
(Pelah et al . , 1995). The spl cDNA was found to encode a 12.4-kD 



generally hydrophilic protein with a hydrophobic C terminus, which is 
different from the BspA protein and was termed SPl (stable protein 1). 
Northern-blot analysis revealed that spl encodes a small mRNA (about 0.6 
kb) that is expressed in aspen plants under non-stress conditions and is 
accumulated after salt, cold, heat, and desiccation stress, and during the 
recovery from stress. The SPl detected in plants remained soluble upon 
boiling, migrated both as a 12.4-kD band and a much higher mass of 116 kD 
on a 17% (w/v) Tricine-sodium dodecyl sulf ate-polyacrylamide gel. 
Comparative protease digestion patterns, amino acid analyses, and the 
N-terminal sequences of the 12.4- and 116-kD proteins revealed that SPl 
is homo-oligomeric . Furthermore, gel filtration chromatography analysis 
indicated that SPl exists in aspen plants as a complex, composed of 12 
subunits of 12.4 kD. A large number of sequences deduced from expressed 
sequence tags and genomic sequences of other organisms with unknown 
function show high homology to SPl . Thus, SPl may represent a new 
protein family. Here, we present the first report on this putative protein 
family: the cloning, isolation, and characterization of SPl , a 
stress-responsive, boiling-soluble, oligomeric protein. 
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Characterization of SPl , a stress-responsive, boiling-soluble, 
homo-oligomeric protein from aspen . 

spl cDNA was isolated from aspen (Populus tremula) plants by 
immunoscreening an expression library using polyclonal antibodies against 
BspA protein. BspA, which is a boiling-stable protein, accumulates in 
aspen plants in response to water stress and abscisic acid application 
(Pelah et al . , 1995). The spl cDNA was found to encode a 12.4-kD 
generally hydrophilic protein with a hydrophobic C terminus, which is 
different from the BspA protein and was termed SPl (stable protein 1). 
Northern-blot analysis revealed that spl encodes a small mRNA (about 0.6 
kb) that is expressed in aspen plants under non-stress conditions and is 
accumulated after salt, cold, heat, and desiccation stress, and during the 
recovery from stress. The SPl detected in plants remained soluble upon 
boiling, migrated both as a 12.4-kD band... 

... and the N-terminal sequences of the 12.4- and 116-kD proteins revealed 
that SPl is homo-oligomeric. Furthermore, gel filtration chromatography 
analysis indicated that SPl exists in aspen plants as a complex, 
composed of 12 subunits of 12.4 kD. A large number... 

. . . sequence tags and genomic sequences of other organisms with unknown 
function show high homology to SPl . Thus, SPl may represent a new 



protein family. Here, we present the first report on this putative protein 
family: the cloning, isolation, and characterization of SPl , a 
stress-responsive, boiling-soluble, oligomeric protein. 
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ABSTRACT: AUTHOR ABSTRACT - Stable protein 1 ( SPl ) is a homo-oligomeric 
protein isolated from aspen (Populus tremula aspen ) plants which 
forms a ring-shape dodecameric particle with a central cavity. The 
oligomeric form of SPl is an exceptionally stable structure that is 
resistant to proteases (e.g., trypsin, V8, and proteinase K) , high 
temperatures, organic solvents, and high levels of ionic detergent. 
Analytical ultra-centrif ugation, chemical cross-linking, matrix-assiste 
d laser-desorption time-of -flight mass spectrometry (MALDI-TOF-MS ) , and 
transmission electron microscopy were used to further characterize the 
SPl dodecamer. Introduction of a single cysteine at the N-terminus of 
SPl enabled the formation of disulfide bridges within the SPl 
dodecamer, concurrent with increased melting point. A six-histidine tag 
was introduced at the N-terminus of SPl to generate 6HSP1, and the 
Delta NSP1 mutant was generated by a deletion of amino acids 2-6 at the 
N-terminus. Both 6HSP1 and ANSP1 maintained their ability to assemble a 
stable dodecamer. Remarkably, these SPl homo-dodecamers were able to 
re-assemble into stable hetero-dodecamer s following co-electro-elution 
from SDS-PAGE. The exceptional stability of the SPl -nano ring and its 
ability to self-assemble hetero-complexes paves the way to further 
research in utilizing this unique protein in nano-biotechnology . (c) 
2006 Wiley Periodicals, Inc. (8 pages) 
DESCRIPTORS: aspen recombinant protease stable protein-1, six-histidine 
tag stable protein-1 prep., purification, characterization, crystal 
struct., vector-mediated gene transfer, expression in Escherichia coli, 
ultracentrif ugation, matrix-assisted laser-desorption time-of-f light 
mass spectrometry, transmission electron microscopy, site-directed 
mutagenesis, high temp., SDS cone, effect, appl . nanobiotechnology, 
protein engineering, protein scaffold plant forest tree thermostable 
enzyme bacterium sedimentation (25, 38) 
SECTION: B I ©MANUFACTURING and BIOCATALYSIS-Biocatalyst Isolation and 

Characterization-GENETIC TECHNIQUES and APPL I CAT IONS -Gene Expression 
Techniques and Analysis; BIOMANUFACTURING and BIOCATALYSIS-Biocatalyst 
Application 



Aspen SP1 , an exceptional thermal, protease and detergent-resistant 
self-assembled nano-particle - vector-mediated gene transfer. . . 

ABSTRACT: AUTHOR ABSTRACT - Stable protein 1 ( SPl ) is a homo-oligomeric 
protein isolated from aspen (Populus tremula aspen ) plants which 

forms a ring-shape dodecameric particle with a central cavity. The 
oligomeric form of SPl is an exceptionally stable structure that is 

resistant to proteases (e.g., trypsin, V8, and... 

... mass spectrometry (MALDI-TOF-MS ) , and transmission electron microscopy 
were used to further characterize the SPl dodecamer . Introduction of 
a single cysteine at the N-terminus of SPl enabled the formation of 
disulfide bridges within the SPl dodecamer, concurrent with increased 
melting point. A six-histidine tag was introduced at the N-terminus of 
SPl to generate 6HSP1, and the Delta NSP1 mutant was generated by a 
deletion of amino... 

... terminus. Both 6HSP1 and ANSP1 maintained their ability to assemble a 
stable dodecamer. Remarkably, these SPl homo-dodecamer s were able to 
re-assemble into stable hetero-dodecamer s following co-electro-elution 
from SDS-PAGE. The exceptional stability of the SPl -nano ring and its 
ability to self-assemble hetero-complexes paves the way to further... 

DESCRIPTORS: aspen recombinant protease stable protein-1, six-histidine 
tag stable protein-1 prep., purification, characterization, crystal... 
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Novel isolated denaturant which is e.g. boiling- or detergent-stable and/or 
protease resistant protein having chaperone-like activity, useful for 
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recombinant enzyme protein production for use in disease therapy and 
plant engineering 
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ABSTRACT: DERWENT ABSTRACT: NOVELTY - An isolated denaturant stable 
(boiling stable or detergent stable) and/or protease resistant protein 
(I) having chaperone-like activity and horseradish peroxidase (HRP) 
protection activity, as determined by HRP protection assay, is new. 
DETAILED DESCRIPTION - INDEPENDENT CLAIMS are also included for: (1) an 
isolated nucleic acid (II) comprising a first polynucleotide encoding 

(1) , and a second polynucleotide including a promoter sequence operably 
linked to the first polynucleotide for directing an expression of (I); 

(2) a nucleic acid construct comprising (II); (3) a cell transformed 
with (II); (4) an organism transformed with (II); (5) isolating a gene 
encoding (I) from a biological source, involves screening an expression 
library with a polynucleotide encoding (I); (6) an antibody (III) 



recognizing one or more epitopes of (I); (7) enriching or isolating 
(Ml) denaturant stable (boiling stable or detergent stable) and/or 
protease resistant protein from a biological source, involves 
extracting total proteins from the biological source to obtain a 
protein extract, boiling the protein extract, collecting the soluble 
proteins and optionally assaying for chaperone-like activity of the 
soluble proteins and enriching or isolating the stable protein having 
chaperone-like activity; (8) isolating a gene encoding (I) from a 
biological source; (9) identifying a nucleic acid potentially encoding 
(I), involves searching an electronic library containing several 
nucleic acid and/or amino acid sequences for sequences having a 
predetermined degree of identity or homology to any one of the nucleic 
acid sequences (Nl) chosen from 5 fully defined sequences of 567, 593, 
357, 497, 366 base pairs as given in the specification, or to any one 
of the amino acid sequences (Al) chosen from 26 fully defined sequences 
e.g., 108, 98, 98, 98, 84, 98, 98, 109, 47, 98, 98, 93 and 108 amino 
acids as given in the specification, or their portions or corresponding 
to at least 15 bases; (10) isolating a nucleic acid potentially 
encoding (I); (11) detergent-free isolation of a protease-resistant 
protein having chaperone-like activity from a biological source, 
involves extracting total proteins from the biological source, to 
obtain a protein extract, contacting the protein extract with a 
protease, and isolating a protease-resistant protein, and optionally 
assaying the protease-resistant protein for chaperone-like activity; 
(12) a fusion protein (IV) comprising (I) fused to an additional 
polypeptide; (13) a transgenic plant expressing (I) above a natural 
amount of (I) in the plant; (14) rendering a plant more tolerant to a 
biotic or abiotic stress, involves engineering the plant to express (I) 
above a natural amount of (I) in the plant; (15) rendering a plant more 
recoverable from a biotic or abiotic stress, involves engineering the 
plant to express (I) above a natural amount of (I) in the plant; (16) 
isolating (M2) a boiling stable protein from a biological source, 
involves carrying out extracting, and boiling steps of (Ml), recovering 
soluble protein fraction, and optionally assaying the protease 
resistant protein for chaperone-like activity; (17) a pharmaceutical 
composition (V) comprising (I) as an active ingredient and a carrier; 
(18) a hetero complex (VI) comprising an oligomer including several of 
(I), and at least two different molecules being fused to the oligomer; 
and (19) increasing a specific activity of a pre-isolated (I) as 
determined in Units of protecting activity per mg protein, involves 
autoclaving the pre-isolated (I), or treating the pre-isolated (I) with 
a protease. BIOTECHNOLOGY - Preferred Protein: The isolated denaturant 
stable (boiling stable or detergent stable) and/or protease resistant 
protein (I) has chaperone-like activity and horseradish peroxidase 
(HRP) protection activity, as determined by HRP protection assay, of at 
least 10 Units/mg protein, where the HRP protection assay comprises 
mixing (I) at different final protein concentrations at a predetermined 
volume with 100 microliters of 5 nM HRP present in 40 raM 
N- ( 2-hydroxyethyl ) piperazine-N ' -ethanesulf onic acid (HEPES) buffer at 
pH 7.5, thus forming a first reaction mixture, and following incubation 
of the reaction mixture at 25 degreesC for 16 hours, determining HRP 
remaining enzymatic activity by mixing 5 microliters of the first 
reaction mixture with 100 microliters of 3 , 3 ' , 5 , 5 ' -tetramethylbenzidine 
, thus forming a second reaction mixture, incubating the second 
reaction mixture for 10 minutes, stopping a reaction of the second 
reaction mixture by an addition of 100 microliters of 1 M sulfuric acid 
and recording colorimetric change in the second reaction mixture at 435 



nm, and units are defined as a dilution factor of (I) at a 
concentration of 1 mg/ml that confers 50% protection of HRP activity in 
the HRP protection assay. In (I), the HRP protection activity is of 
15000, 10000, 8000, 6000, 5500, 5000, 4500, 4000, 3500, 3000, 2500, 
2000, 1500, 1000 or at least 500 Units/mg protein. Preferred Nucleic 
Acid: In (II), the promoter sequence is a eukaryotic constitutive 
promoter. The promoter is a plant promoter chosen from a constitutive 
plant promoter, a tissue specific plant promoter and an inducible plant 
promoter. The constitutive plant promoter is chosen from Cauliflower 
mosaic virus (CaMV)35S plant promoter, CamV19S plant promoter, figwort 
mosaic virus (FMV)34S plant promoter, sugarcane bacilliform badnavirus 
plant promoter, CsVMV plant promoter, Arabidopsis ACT2/ACT8 actin plant 
promoter, Arabidopsis ubiquitin UBQ1 plant promoter, barley leaf 
thionin BTH6 plant promoter, and rice actin plant promoter. The tissue 
specific plant promoter is chosen from bean phaseolin storage protein 
plant promoter, DLEC plant promoter, PHSbeta plant promoter, zein 
storage protein plant promoter, conglutin gamma plant promoter from 
soybean, AT2S1 gene plant promoter, ACT11 actin plant promoter from 
Arabidopsis, napA plant promoter from Brassica napus and potato patatin 
gene plant promoter. The inducible plant promoter is chosen from a 
light-inducible plant promoter derived from the pea rbcS gene, a plant 
promoter from the alfalfa rbcS gene, DRE, MYC and MYB plant promoters, 
which are active in drought, INT, INPS, prxEa, Ha hspl7.7G4 and RD21 
plant promoters active in high salinity and osmotic stress, and hsr203J 
and str246C plant promoters active in pathogenic stress. The first 
polynucleotide has a sequence at least 60% identical with 6 fully 
defined sequences of 567, 593, 357, 428, 497 or 366 base pairs as given 
in the specification, as determined using the BestFit software of the 
Wisconsin sequence analysis package, utilizing the Smith and Waterman 
algorithm, where gap weight equals 50, length weight equals 3, average 
match equals 10 and average mismatch equals -9. (I) Has a sequence at 
least 60% identical to a fully defined sequence of 108 or 112 amino 
acids as given in the specification, as determined using the BestFit 
software of the Wisconsin sequence analysis package, utilizing the 
Smith and Waterman algorithm, where gap creation penalty equals 8 and 
gap extension penalty equals 2. (I) Is natively an oligomer. The 
chaperone-like activity includes heat stabilization of proteins. (II) 
Further comprises a third polynucleotide encoding an additional 
protein, and being adjacent and in frame to the first polynucleotide, 
where the first and third polynucleotides encoding, in combination, a 
fusion protein of the (I) and the additional protein. Preferred 
Pharmaceutical Composition: (V) Is packaged in a package and identified 
in print for use in a wound healing application or strengthening and/or 
grooming hair, nail or skin application. Preferred Method: Isolating a 
gene encoding (I) from a biological source, comprises: (a) carrying out 
the steps of extracting, boiling, collecting, assaying, and isolating 
of (Ml), raising antibodies recognizing the stable protein having 
chaperone-like activity and screening an expression library with the 
antibodies; or (b) carrying out the steps of (Ml), micro-sequencing the 
stable protein to obtain at least a partial amino acid sequence, 
designing an oligonucleotide corresponding to the amino acid sequence 
and screening a library with the oligonucleotide. Isolating a nucleic 
acid potentially encoding (I) comprises: (a) screening a cDNA or 
genomic library with a polynucleotide of at least 17 bases and at least 
60% identical to a contiguous portion of 6 fully defined sequences of 
567, 593, 357, 428, 497 or 366 base pairs as given in the 
specification; or (b) providing at least one pair of oligonucleotides 



each being at least 15 bases in length, including one or more 
oligonucleotides corresponding to (Nl), and selected for amplifying a 
nucleic acid having a degree of identity with, or encoding proteins 
exhibiting homology to (Al), contacting at least one pair of 
oligonucleotides with a sample of nucleic acid and amplifying the 
nucleic acid having degree of identity with, or encoding proteins 
exhibiting homology to (Al), and using nucleic acid having degree of 
identity with, or encoding proteins exhibiting homology to (Al) for 
isolating a nucleic acid potentially encoding (I). (M2) further 
involves digesting the protein extract with a protease. Preferred 
Hetero Complex: In (VI), the two different molecules comprise a first 
enzyme and a second enzyme, that catalyze sequential or different 
reactions in a synthesis or degradation pathway. The two different 
molecules comprise at least a binding molecule and a reporter molecule. 
Preferred Fusion Protein: (I) Is fused to the additional polypeptide 
through a peptide bond or a cross-linker, where (IV) has an oligomeric 
form. ACTIVITY - Vulnerary; Nootropic; Neuroprotective. No biological 
data given. MECHANISM OF ACTION - Prevents aggregation of aggregating 
proteins; Inducer of immune response (claimed). USE - (I) Is useful for 
preventing an aggregating protein from aggregating into an aggregate, 
which involves causing an effective amount of (I) to become in contact 
with aggregating protein. (I) Is useful for de-aggregating aggregates 
of an aggregating protein, which involves causing an effective amount 
of (I) to become in contact with the aggregate. (I) Is useful for 
stabilizing a protein against denaturing conditions, which involves 
causing an effective amount of (I) to become in contact with the 
protein. (I) Is useful for protecting an enzyme preparation from 
reduction in enzymatic activity, which involves adding (I) to the 
enzyme preparation in an amount sufficient for protecting the enzyme 
preparation from reduction in enzymatic activity. (I) is useful for 
repairing at least a portion of lost enzymatic activity of an enzyme 
preparation, which involves adding (I) to the enzyme preparation, in an 
amount sufficient for repairing portion of the lost enzymatic activity 
of the enzyme preparation. (I) is useful for increasing cell migration, 
which involves exposing the cells to (I), in an amount sufficient for 
increasing cell migration. (I) is useful for accelerating or inducing 
wound healing, which involves administering (I) on to a wound, in an 
amount sufficient for accelerating or inducing wound healing. (I) is 
useful for strengthening or grooming hair, nail or skin, which involves 
administering (I) onto the hair, nail or skin sufficient for 
strengthening or grooming the hair, nail or skin. (I) is useful for 
treating a disease associated with protein aggregation of an 
aggregating protein, which involves administering (I) to a subject who 
is in need, in an amount sufficient for de-aggregating and/or 
preventing aggregation of the aggregating protein such as beta-amyloid 
or prion. (I) is useful for increasing a binding avidity of a binding 
molecule, which involves displaying multiple copies of the binding 
molecule on a surface of an oligomer of (I), where the binding molecule 
is chosen from a receptor, ligand, enzyme, substrate, inhibitor, 
antibody or antigen. (I) is useful in administering a polypeptide to an 
animal having a immune system by reducing an immune response against 
the polypeptide, which involves administering the polypeptide being 
fused to (I), to the animal and thus reducing the immune response 
against the polypeptide as compared to the immune response that is 
developed by administering the polypeptide alone to the animal. (Ill) 
is useful for isolating gene encoding (I), which involves screening an 
expression library with (III). (IV) is useful in immunization, which 



involves subjecting an immune system of a mammal to (IV) (claimed). (I) 
is useful for treating a disease such as Alzheimer's disease and prion 
associated diseases e.g., encephalus spongyform, by preventing 
aggregation of aggregating proteins. ADVANTAGE - (I) retains its 
activity and oligomerability also when forming a fusion protein. 
EXAMPLE - Boiling stable protein fractions of aspen , tomato M82, VF36 
and pine were prepared as follows: Crude plant extracts were 
centrifuged for 10 minutes and supernatants were transferred to fresh 
tubes. The supernatants were subjected to a 10-minutes boiling session, 
then kept on ice for 5 minutes and centrifuged for 10 minutes. 
Resulting supernatants were precipitated by adding 4 volumes of cold 
acetone, and centrifuged for 10 minutes. Boiling stable proteins were 
then recovered by dissolving the pellets in 10 raM Tris-hydrochloric 
acid buffer (pH 7.5). The total boiling-stable proteins were separated 
on a 17% sodium dodecyl sulfate ( SDS ) -tr icine polyacrylamide gel 
electrophoresis (PAGE) , during which two bands of 66 and 116 kDa band 
were obtained. The 66 kDa band was found to represent a germin-like 

protein. Acetone-precipitated boiling-stable proteins of aspen plant 
were dissolved in IX tricine-SDS sample buffer (100 raM 
Tris-hydrochloric acid pH 6.8, 20% glycerol, 1% SDS, 0.025% Coomassie 
blue), and then separated on a preparative 17% polyacrylamide 
tricine-SDS gel. Major bands corresponding to stable proteins (SP)-l 
(116 kDa oligomer and 12.4 kDa monomer) protein were excised from the 

gel. SP1 oligomer and monomer were electro-eluted separately, in a 
dialysis bag. The eluted product was further dialyzed against 500 
volumes of 10 raM Tris-hydrochloric acid overnight at 4degreesC, 

followed by acetone precipitation and centrif ugation . Purified SPl 
was obtained by dissolving the pellet in 10 mM Tris-hydrochloric acid. 
The prepared stable protein when maintained with horseradish 
peroxidase, was found to maintain its activity. (176 pages) 
DESCRIPTORS: recombinant denaturant stable protease resistant, 

chaperone-like protein, horseradish peroxidase, prep., vector-mediated 
gene transfer expression in host cell, antibody, fusion protein, appl . 
transgenic plant construction, biotic, abiotic stress tolerance, 
aggregating protein prevention, protein stabilization, enzyme loss act. 
repair, cell migration, wound healing induction, grooming hair, 
Alzheimer disease, prion associated disease, encephalus spongyform 
therapy plant Armoracia rusticana enzyme EC-1.11.1.7 crop improvement 
vulnerary nootropic neuroprotective DNA sequence protein sequence (23, 
22) 
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...ABSTRACT: activity and oligomerability also when forming a fusion 
protein. EXAMPLE - Boiling stable protein fractions of aspen , tomato 
M82, VF36 and pine were prepared as follows: Crude plant extracts were 
centrifuged for... 

... band was found to represent a germin-like protein. Acetone-precipitated 
boiling-stable proteins of aspen plant were dissolved in IX 
tricine-SDS sample buffer (100 mM Tris-hydrochloric acid pH . . . 

... 1 (116 kDa oligomer and 12.4 kDa monomer) protein were excised from the 
gel. SPl oligomer and monomer were electro-eluted separately, in a 
dialysis bag. The eluted product was... 



..10 mM Tris-hydrochloric acid overnight at 4degreesC, followed by acetone 
precipitation and centrif ugation . Purified SPl was obtained by 
dissolving the pellet in 10 mM Tris-hydrochloric acid. The prepared 
stable. . . 
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